ANNEX F

Methodology for Estimating CH4 Emissions from Natural Gas Systems

The following steps were used to estimate methane emissions from natural gas systems.

Step 1: Calculate Emission Estimates for Base Year 1992 Using GRI/EPA Study

Thefirst step in estimating methane emissions from natural gas systems was to develop a detailed base year
estimate of emissions. The study by GRI/EPA (1996) divides the industry into four stages to construct a detailed
emission inventory for the year 1992. These stages include: field production, processing, transmission and storage
(i.e., both underground and liquefied gas storage), and distribution. This study produced emission factors and
activity data for over 100 different emission sources within the natural gas system. Emissions for 1992 were
estimated by multiplying activity levels by emission factors for each system component and then summing by stage.
Since publication, the EPA has updated 1992 activity data for some of the components in the system. Table F-1
displays the 1992 GRI/EPA activity levels and emission factors for venting and flaring from the field production
stage, and the current EPA activity levels and emission factors. These data are shown to illustrate the kind of data
used to calculate emissions from all stages.

Step 2: Collect Aggregate Statistics on Main Driver Variables

As detailed data on each of the over 100 sources were not available for the period 1990 through 1999,
activity levels were estimated using aggregate statistics on key drivers, including: number of producing wells (IPAA
1990 through 2000, EIA 2000), number of gas plants (AGA 1990 through 1998; PennWell Corporation 1999, 2000,
2001), miles of transmission pipeline (OPS 1998, 1999, 2000, 2001), miles of distribution pipeline (OPS, 2001),
miles of distribution services (OPS, 2001), and energy consumption (EIA 1998, 1999, 2000, 2001). Data on the
distribution of gas mains and services by materia type was not available for 1990 through 1992 from OPS. For
those years, the distribution by type was back calculated from 1993 using compound growth rates determined for the
years 1993 through 2000. Table F-2 provides the activity levels of some of the key drivers in the natural gas
anaysis.

Step 3: Estimate Emission Factor Changes Over Time

For the period 1990 through 1995, the emission factors were held constant, based on 1992 values.
However, the natural gas industry is experiencing ongoing broad based technology improvements, which are
expected to continue. These improvements have increased operating efficiency, thus reducing methane emissions.
An assumed improvement in technology and practices was estimated to reduce emission factors by 5 percent by the
year 2020. This assumption, annualized, amounts to a 0.2 percent decline in the 1996 emission factor, a 0.4 percent
decline in the 1997 emission factor, a 0.6 percent decline in the 1998 emission factor and a 0.8 percent decline in the
1999 emission factor, all relative to 1995 emission factors.

Step 4: Estimate Emissions for Each Year and Stage

Emissions from each stage of the natural gas industry were estimated by multiplying the activity factors by
the appropriate emission factors, summing all sources for each stage, and then subtracting the Natural Gas STAR
emission reductions.l Methane reductions from the Natural Gas STAR program for the years 1994 through 2000 are
presented in Table F- 3. Emission reductions by project are reported by industry partners using actual measurement
data or equipment-specific emission factors. Before incorporating the reductions into the Inventory, quality
assurance and quality control checks are undertaken to identify errors, inconsistencies, or irregular data. Total

1 It is assumed that the 5 percent decline in the emissions factor from 1995 to 2020 does not reflect emission
reductions attributed to Natural Gas STAR. The emission factor decline accounts for regular technology improvements only.
This assumption is being investigated for future inventories.

F-1



emissions were estimated by adding the emission estimates from each stage. Table F-4 illustrates emission
estimates for venting and flaring emissions from the field production stage using this methodology. Table F-5
presents total natural gas production and associated methane emissions.

F-2 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2000
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